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(54) CUTTING OF CRYSTAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for cutting a crystal, 
intended for reducing cutting frequency and avoiding the derivation of 
thin-walled products associated with the cutting operation, by 
estimating the oxygen concentration distribution in the axial direction of 
a single crystal grown by CZ process based on the relevant past results 
and then determining the positions to be cut at based on the oxygen 
concentration distribution thus estimated. 

SOLUTION: This method for cutting a crystal comprises the following 
procedure: the past operational results in respective ovens are stored in 
a host computer 20; when the operational conditions for the respective 
ovens for producing a targeted item are inputted, a computer 10 
receives the operational results corresponding to the respective ovens 
from the host computer 20 and stores them in a database; using the 
above operational results, oxygen concentration distribution 
characteristics are prepared; using these characteristics, the oxygen 
concentration distribution in the axial direction of a single crystal to be 
grown is estimated; the computer 10 determines a range within which 
the single crystal can be made into a successful product based on the 
quality specification (oxygen concentration distribution) of the product 

which has received orders and the estimated oxygen concentration range; while considering order volume, the product is 
assorted starting from the priority level; thereby the product can be exhaustively taken from the whole single crystal. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



] This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Crystal cutting process characterized by presuming oxygen density distribution of the shaft orientations of the single crystal 
raised from the past operation track record, and determining a cutting location based on the presumed oxygen density distribution 
while raising a single crystal by the CZ process. 

[Claim 2] Crystal cutting process according to claim 1 characterized by determining a cutting location in order to extract two or more 
kinds of products with which oxygen density spec, differs from the raised single crystal. 

[Claim 3] Crystal cutting process according to claim 1 or 2 characterized by determining a cutting location based on oxygen density 
distribution of the single crystal which grasps the oxygen density distribution property of a crystal orientation in two or more raising 
furnaces, and is predicted from the property. 

[Claim 4] Crystal cutting process according to claim 3 characterized by updating the oxygen density distribution property of each 
raising furnace for every raising of the count of a unit using the observation data of oxygen density distribution of a single crystal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the crystal cutting process used in order to extract a product from single crystals, such 

as silicon manufactured by the CZ process. 

[0002] 

[Description of the Prior Art] The silicon single crystal used as a material of a semiconductor device is mainly industrially 
manufactured by the CZ process. A CZ process is an approach of raising the single crystal of silicon under seed crystal, by pulling up 
seed crystal like common knowledge, soaking seed crystal in the raw material melt of the silicon held in quartz crucible, and making 
hard flow rotate seed crystal and quartz crucible. 

[0003] By the way, as quality of a silicon single crystal, specific resistance and an oxygen density are important. For this reason, the 
request to these properties from a user side is what [ severe ] very fine and, and, for this reason, the class of product manufactured by 
the manufacturer side is very various. And in the manufacturer side, the product of the form (aim form) with which are satisfied of 
demand quality is industrially manufactured using two or more raising furnaces according to an order-received situation. This is in the 
fundamental mass-production situation of a single crystal. 

[0004] However, it is a very difficult technique to manufacture economically the product of the quality which a user side requires, 
because, many parts with which there are few parts which fulfill demand quality in one raised single crystal, and they do not fill the 
demand'quality process as a loss (few dissolution raw materials of economic value) - **** - it is because the yield in product 
extraction is very low. 

[0005] That is, in manufacture of the silicon single crystal using a CZ process, as shown in drawing 1 (a) or drawing 1 (b), the specific 
resistance of the raised single crystal pulls up, and it changes with the segregations of the doping element accompanying advance of 
raising in shaft orientations. Moreover, the oxygen density of a single crystal is also pulled up and it changes with reduction of the 
amount of melt accompanying advance of raising etc. in shaft orientations. For these reasons, there are very few parts (part of an aim 
form) with which it is satisfied of demand quality about both specific resistance and an oxygen density, and they are usually just over 
or below 50%. 

[0006] It considers extracting two or more kinds of products with which demand quality differs from one single crystal raised in order 
to solve this problem. That is, the demand quality of a product distributes one single crystal to two or more kinds of products using 
various things. And as an applicant was the following, he was performing this distribution. 

[0007] As shown in drawing 5 , cutting removal of the defect-of-shape section of the both ends of the raised single crystal 40 is carried 
out. the surviving configuration area free from defect -- the blocks 41 and 42 of predetermined die length (for example, 200mm) - 
division-into-equal-parts cutting is carried out at .. An oxygen density is surveyed in each cutting location, and it asks for the oxygen 
density of the both-ends side of each block. 

[0008] Now, in blocks 41 and 42, the oxygen density of a both-ends side aims, the oxygen spec, of a form is satisfied, and only the 
oxygen density of one end face aims, it is satisfied with block 43 of the oxygen spec, of a form, the oxygen density of an other-end 
side aims, and it is assumed that it separated from the oxygen spec, of a form. In such a case, blocks 41 and 42 are extracted as they 
are as an aim form. About block 43, block 43 is re-cut in the location which returned from the other-end side to the end side. This re- 
cutting is called cut return and that cutting margin L is determined based on the rate of a blank from the demand spec, of an oxygen 
density. That is, when the rate of a blank is large, it returns greatly, and when the rate of a blank is small, it returns small. 
[0009] After cut return finishes, an oxygen density is surveyed again in the cutting location. When an actual measurement satisfies 
demand spec, body section 43a is aimed at and it extracts as a form. When an actual measurement does not satisfy demand spec, cut 
return is again performed to body section 43a. Thus, it aims from block 43 and a form is extracted, thin part 43b derived in connection 
with cut return - other blocks 44 » it turns to other forms in .. Cut return is performed suitably also here. 
[0010] 

[Problem(s) to be Solved by the Invention] According to such a product extracting method, when the product of two or more article 
kind is once extracted from the single crystal of one ** and it extracts only an aim form, the yield improves. However, in order to cut 
repeatedly to one single crystal, it is not only non-efficiency, but consumption of a cutting cutting edge is intense and cutter cost 
increases. In addition, in connection with cut return, the thin block of thickness arises so much. Although cutting is presented as a 
block which was made to stick two or more sheets mutually, and had sufficient thickness since these thin blocks cannot be cut to a 
wafer in many cases if they remain as they are, trouble starts the lamination. 

[001 1 ] The purpose of this invention is to offer the crystal cutting process which can reduce sharply the count of cutting in the case of 

product extraction, doubles, and can avoid a descendant of the thin article accompanying cutting. 

[0012] 

[Means for Solving the Problem] By the way, although two or more raising furnaces are used in the mass production of the single 
crystal by the CZ process in order to manufacture the product of the same form as mentioned above, oxygen density distribution 
especially becomes quality distribution of the shaft orientations of the single crystal raised at each furnace, and a greatly different 
thing, as shown in drawing 1 (a) and (b). Aside from the cause, although degradation of components and a furnace body property make 
a mistake in this being small and the deviation of an instrument etc is the cause, even if it is going to pull up the product of the same 
property at each furnace, oxygen density distribution of the shaft orientations of the single crystal which can be pulled up becomes a 
greatly different thing, and, as for the oxygen density distribution, moreover, even the same furnace changes for every raising. For this 
reason, that oxygen density was actually measured by cutting as it was made impossible to presume oxygen density distribution of a 
single crystal correctly, therefore having been mentioned above in the product extraction from a single crystal. 
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[0013] However, when change at dispersion and the same furnace between the furnaces of the oxygen density distribution was 
investigated in the detail and the operation data of the past in each furnace were used, it becomes clear that oxygen density distribution 
of a single crystal can be presumed in precision with high extent which the oxygen density distribution property of each fumace 
becomes clear, consequently can be utilized for product distribution of a single crystal, and it came to complete this invention. 
[0014] The single crystal cutting process of this invention makes it the focus on a configuration to presume oxygen density distribution 
of the shaft orientations of the single crystal raised from the past operation track record, and to determine a cutting location based on 
the presumed oxygen density distribution while raising a single crystal by the CZ process. 

[001 5] In the crystal cutting process of this invention, it is desirable to determine a cutting location so that two or more kinds of 
products with which oxygen density spec, differs from the raised single crystal may be extracted. 

[0016] Moreover, in two or more raising furnaces, the oxygen density distribution property of a crystal orientation is grasped, and it is 
desirable to determine a cutting location based on oxygen density distribution of the single crystal predicted from the property. 
[0017] In that case, it is desirable to update the oxygen density distribution property of each raising furnace for every raising of the 
count of a unit using the observation data of oxygen density distribution of a single crystal. 
[0018] 

[Embodiment of the Invention] The operation gestalt of this invention is explained based on a drawing below. 
[0019] The crystal cutting process concerning the operation gestalt of this invention is used for efficient product extraction from the 
production control of a single crystal, and the single crystal more specifically raised at two or more raising furnaces. This production 
control is performed by computer 10, as shown in drawing 2 . Finally the cutting location of a single crystal is directed by connecting 
the computer 1 0 with the host computer 20, delivering and receiving information between host computers 20, and processing drawing 
3 . the directions information - two or more processing terminals 30 and 30 — it is transmitted to .. 

[0020] As information accepted from a host computer 20, there are an order-received situation, a product mechanism loan situation, a 
quality track record, operation data, product specification, etc. Moreover, as information transmitted to a host computer 20, there are 
single crystal cutting positional information, quality sample sampling information, mortgage directions information, etc. 
[002 1 ] Moreover, since various information required for the operation accepted from the host computer 20, the information generated 
within the computers 10, such as oxygen density distribution, operation processing track record data, etc. are stored, the computer 10 is 
equipped with the database. 

[0022] A manager inputs serially into a computer 10 the quality specification, the amount, and the time for delivery of choice of the 
product which received the order. In operation, the highest form of priority is decided from a current order-received situation, and two 
or more raising furnaces perform crystal training in order to aim at this and to fill the amount of orders received of the form as a form. 
And a manager inputs the operating condition in each furnace for manufacturing the aim form into a computer 10, and directs 
distribution of a product. If it does so, a computer 10 will take out required information from a host computer 20, and will perform the 
program of 3 shown in drawing 3 , i.e., priority data generation, oxygen density table generation, and a crystal production system. 
[0023] In priority data generation, priority is determined from the time for delivery of choice of a product, the difficulty of training, 
etc. The determined priority is stored in the database of a computer 10. 

[0024] In oxygen density table creation, oxygen density distribution is presumed as internal quality of the single crystal raised at each 
furnace. This process is explained below at a detail. In addition, although specific resistance and an oxygen density are important as 
internal quality of a product, explanation with management detailed only about the most difficult oxygen density of explanation for 
convenience is given. 

[0025] The operation track records (an operating condition, oxygen density distribution, etc.) of the past in each furnace are stored in 
the host computer 20. If the operating condition of each furnace for manufacturing an aim form is inputted, for every furnace, a 
computer 1 0 accepts the operation track record corresponding to an operating condition from a host computer 20, and stores it in a 
database. Subsequently, oxygen density distribution of the shaft orientations of the single crystal raised is presumed using the oxygen 
density distribution property (table for oxygen density distribution presumption) of each furnace which created and created the oxygen 
density distribution property (table for oxygen density distribution presumption) using the operation track record. 
[0026] It pulls up with quality track record data, and, specifically, the middle data which edited the oxygen spec, for ten batches, an 
oxygen track record, specification part article size, and a charge according to - oxygen spec, classified by fumace, respectively are 
generated from track record data. From middle data, the average value of oxygen track record data is taken according to - oxygen spec, 
classified by fumace, and it arranges and replaces with the shaft orientations of a single crystal, and registers as table data. The 
registered oxygen density table is employed and oxygen density distribution is presumed for every mm. An example of the created 
oxygen density table is shown in Table 1 , and the oxygen density distribution presumed from the table is shown in drawing 4 (a). 
[0027] 
[Table 1] 
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[0028] In a crystal production system, distribution of a product is performed using the priority determined as the presumed internal 
quality distribution. 

[0029] That is, if the quality specification of the product memorized by the computer 10 is made into Table 2 and presumed oxygen 
density distribution is now made into drawing 4 (a), distribution will be performed as follows. 
[0030] 
[Table 2] 
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1 
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13. 2—15. 0 


15 0— 5 0 0 


15 0— 5 0 0 
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14. 0—16, 5 


0— 2 5 0 
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[0031 ] Form A is the main form (aim form) which had the predetermined oxygen density specified, and is the highest thing of a 
priority. Forms a, b, c, and d ~ it is the subform with which ... had the predetermined oxygen density specified, respectively, and a 
priority is small in order compared with the main form A. 
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[0032] In distribution of a product, first, a computer 1 0 determines' the range which can produce commercially in a single crystal from 
the oxygen density range presumed to be the quality specification (oxygen density distribution) of the product which received the 
order, as shown in drawing 4 (b). It can extract near the top of a single crystal, being able to cover [ which is an aim form / A ] it over 
pars intermedia. The oxygen density of priority is high and it can extract the form a of the 2nd place from the top section of a single 
crystal. Being able to extract priority of an oxygen density being able to be comparatively low and being able to cover the 3rd and the 
forms b and d of the 5th place near the bottom from the pars intermedia of a single crystal, especially the form b is a form with a 
severe quality specification with the narrow range of an oxygen density. The oxygen density of priority is the lowest and it can extract 
the form c of the 4th place near the bottom section of a single crystal, priority - the form e of the 6th place - the range of an oxygen 
density - large - a single crystal — almost - the extraction from an overall length - being possible . 

[0033] If the possible range of commercial production is determined, final distribution of a product will be performed from priority, 
taking the amount of orders received into consideration, as shown in drawing 4 (c-1). That is, the form A which is an aim form is 
assigned to all of extractable locations. Priority avoids a duplication part with Form A, and assigns the form a of the 2nd place to the 
top section of a single crystal. Priority assigns the form b of the 3rd place with the priority to the remaining part. Continuously, priority 
assigns preferentially the 4th and the forms c, d, and e of the 5 or 6th place to the remaining part in order. 

[0034] When there is much amount of orders received of Form e, as shown in drawing 4 (c-2), some forms c are transposed to Form e. 
Moreover, when there is much amount of orders received of Form d, as shown in drawing 4 (c-3), some forms c are transposed to 
Form d. 

[0035] The yield when being extracted in this way, without the whole single crystal product [ from ] leaving according to an order- 
received situation, and extracting a product from a single crystal improves by leaps and bounds, and the excess and deficiency to an 
order received are not produced, either. 

[0036] In addition, it is extracted, without a single crystal to a product leaving almost, without producing excess and deficiency [ as 
opposed to / by performing synthetic distribution to the single crystal which can extract at the furnace of others / product / 
unextractable at a certain furnace although Form A is aimed at at each furnace and a single crystal is raised, since those oxygen density 
distribution is not the same / and is raised at each furnace / an order received in actual operation ]. 

[0037] If a single crystal is raised at each furnace, a single crystal will be cut according to the determined distribution. Moreover, the 
oxygen density of a single crystal is measured in a cutting location, and the data is fed back to a computer 10. 

[0038] Strictly, whenever the oxygen density distribution property (table for oxygen density distribution presumption) in each furnace 
raises one single crystal, it changes. For this reason, the newest observation data are fed back to a computer 10. A computer 10 always 
creates an oxygen density distribution property (table for oxygen density distribution presumption) using the data (for example, the 
newest to ten data) of the latest predetermined number. Thereby, oxygen density distribution of the single crystal raised at each 
furnace is presumed with high precision. 
[0039] 

[Effect of the Invention] As explained above the crystal cutting process of this invention While raising a single crystal by the CZ 
process, presume quality distribution of the shaft orientations of the single crystal raised from the past operation track record, and by 
determining the cutting location of a single crystal based on the presumed quality distribution Since two or more kinds of products 
with which the demand spec, of an oxygen density differs can be direct. cut down the neither more nor less in case a product is 
extracted from a single crystal, isometric cutting for surveying the oxygen density of a single crystal is not needed, and cut return is 
not needed, either. Therefore, the count of cutting in the case of product extraction can be reduced sharply, and the cutter cost in the 
cutting can be reduced sharply. Moreover, since a descendant of the thin article accompanying cutting is avoidable, the man day at the 
time of cutting a single crystal to a wafer can be reduced. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing U It's tne graph showing typically specific resistance distribution and oxygen density distribution of a single crystal. 
[Drawing 2] It is the equipment configuration Fig. of the production control system using the crystal cutting process concerning the 
operation gestalt of this invention. 

[Drawing_3] It is the flow chart which shows the software of this production control system. 

[DrawjngJJ It is the conceptual diagram of the crystal cutting process in this production control system. 

[Drawing 5] It is the conceptual diagram of the conventional crystal cutting process. 

[Description of Notations] 

1 0 Computer 

20 Host Computer 

30 Information Terminal 

40 Single Crystal 

41 and 42 Block 
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(54) CUTTING OF CRYSTAL 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for cutting a crystal, intended for 
reducing cutting frequency and avoiding the derivation of thin-walled products 
associated with the cutting operation, by estimating the oxygen concentration 
distribution in the axial direction of a single crystal grown by CZ process based on 
the relevant past results and then determining the positions to be cut at based on 
the oxygen concentration distribution thus estimated. 

SOLUTION: This method for cutting a crystal comprises the following procedure: 
the past operational results in respective ovens are stored in a host computer 20; 
when the operational conditions for the respective ovens for producing a targeted 
item are inputted, a computer 10 receives the operational results corresponding to 
the respective ovens from the host computer 20 and stores them in a database; 
using the above operational results, oxygen concentration distribution 
characteristics are prepared; using these characteristics, the oxygen concentration 
distribution in the axial direction of a single crystal to be grown is estimated; the 
computer 10 determines a range within which the single crystal can be made into a 
successful product based on the quality specification (oxygen concentration 
distribution) of the product which has received orders and the estimated oxygen 
concentration range; while considering order volume, the product is assorted 
starting from the priority level; thereby the product can be exhaustively taken from 
the whole single crystal. 
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